SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 

: REPORT  DOCUMENTATION  PAGE  befo1eDcomple?SgNform 

I 1.  REPORT  NL  JER  ^ |2.  GOVT  ACCESSION  NO.  3 RECIPIENT'S  CATALOG  NUMBER 


1.  REPORT  NL  JER 

DE0031 

A.  TITLE  (and  Subtitle) 

r Phase  I Inspection  Report 
National  Dam  Safety  Program 
Silver  Lake  Dam  (DE0031) 
Kent  Countyu  Delaware 

7.  AUTHOR(a)  " " 


5 TYPE  OF  REPORT  4 PERIOD  COVERED 
j I 

FINAL  tr  -j 
6.  perform*^  org.  rep&rt  number 

8.  CONTRACT  or  GRANT  NUMBERfa.) 


r ' o 


FRANK  W J VINCIy.  *3. 


' 19.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  10.  PROGRAM  ELEMENT.  PROJECT,  T ASK 

N.  , AREA  4 WORK  UNIT  NUMBERS 

U.S.  Army  Engineer  District  Philadelphia 
Custom  House,  2d  & Chesnut  Streets 
Philadelphia,  Pennsylvania  19106 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  12  REPeRY-0*T«  "T 

U.S.  Army  Engineer  District,  Philadelphia  llis  7&.J 

Custom  House,  2d  & Chestnut  Streets  ,3-  mums er  of  pages  r——— 

Philadelphia,  Pennsylvania  19106 ^ ''<<=*■  J / *7 

1 A.  MONJTOR.IN5.  AGENCY  NAME  A ADORESS(*#f  different  from  Controlling  Qt  lice)  15.v  SECU  RlT  Y CLASS,  (ofthia  repo/t ^ 

L ' ial  .'Jam  Safely  r-  ' ? . '■  r . ' . \ 

^ j ?.  T.np,  • . >-  Unclassified 


12.  R&PeRf*<^€ 


) ij  Jam 


13.  NUMBER  OF  PAGES 


y,  :)ovf*r  De-lavrar  * 


I 16.  DISTRIBUTION  STATEMENT  (of  this  Report) 


” c n f c r j o r 


15a.  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


Approved  for  public  release;  distribution  unlimited. 


I 17.  DISTRIBUTION  STATEMENT  (of  the  abstract  onterod  In  Block  20,  If  different  from  Report) 


18.  SUPPLEMENTARY  NOTES 


n n C 

L J s~--r  ^ 


l . LcX- 

! I / 


•JU'Craib 


Copies  are  obtainable  from  National  Technical  Information  Service,  Springfield, 
Virginia,  22151. 

19.  KEY  WORDS  (Continue  on  reverse  side  If  necessary  and  Identify  by  block  number) 

National  Dam  Safety  Program 
Dam  Inspection  Report  Phase  I 
Silver  Lake  Dam,  Del. 

Dams -Del . 

20.  ABSTRACT  fCooffaua  art  reverse  side  If  necessary  and  Identify  by  block  number) 

This  report  cites  results  of  a technical  investigation  as  to  the  dam’s  ade- 
quacy. The  inspection  and  evaluation  of  the  dam  is  as  prescribed  by  the 
National  Dam  Inspection  Act,  Public  Law  92-367.  The  technical  investigation 
includes  visual  inspection,  review  of  available  design  and  construction  records, 
and  preliminary  structural  and  hydraulic  and  hydrologic  calculations,  as 
applicable.  An  assessment  of  the  dam’s  general  condition  is  included  in  the 
report . 


DO  .'ST,  1<73  EDITION  OF  » MOV  6*  IS  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  Data  Entered) 


DELAWARE  RIVER  BASIN 


ST.  JONES  RIVER,  KENT  COUNTY 


DOVER  DELAWARE. 


/SILVER  LAKE  DAM. 

PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


i ' i 


OE  - 0031 


. .pprovec.  cor  public  rclc 
oisLril-.iLior.  uali  iced 


ioiooMooici 


r - 


DEPARTMENT  OF  THE  ARMY' 

PHILADELPHIA  DISTRICT, CORPS  OF  ENGINEERS 
CUSTOM  HOUSE  - 2D  A CHESTNUT  STREETS 
PHILADELPHIA,  PENNSYLVANIA  19106 
JANUARY  1978 


a 6 i)  V 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


V 


N HfcPLV  hfFTR  TO 

NAPEN-D 


DEPARTMENT  OF  THE  ARMY 

PHILADELPHIA  DISTRICT,  COR  PS  OF  ENGINEERS 
CUSTOM  HOUSF-Z  D & CHESTNUT  STREETS 
PHILADELPHIA.  PENNSYLVANIA  19106 


2 1 


’•’8 


honorable  Pierre  S.  DuPont 
Governor  of  Delaware 
Dover,  Delaware  19901 


Dear  Governor  DuPont : 

Inclosed  is  the  Phase  I.  Inspection  Report  for  Silver  Lake  I)a«n  in 
Rent  County,  Delaware  which  has  been  prepared  under  authorization  of 
the  Darn  Inspection  Act,  Public  Law  92-3A7.  A brief  assessment  of  the 
dam's  condition  is  given  on  the  first  two  pages  of  the  report. 

based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance , Sliver  Lake  Dare  is  judged  to  be  in  fair 
condition.  To  insure  adequacy  of  the  structure,  the  following  actions, 
s a minimum,  are  recommended: 

a.  Due  to  the  small  number  of  inhabitable  structures  downstream 
of  the  dam,  together  with  less  than  excessive  economic  loss,  it  is 
recommended  the  dam's  hazard  potential  classification  be  changed  from 
"high”  to  "significant." 

b.  Due  to  the  potential  of  overtopping  of  the  dam  by  the  100-vear 
atorai,  the  owner  should  develop  and  utilize  a detailed  emergency  operation 
and  warning  systrm  within  three  months  of  the  date  of  approval  of  this 
report. 

c.  Within  six  months  of  the  date  of  approval  of  this  report,  the 
owner  should  perform  the  following  remedial  work.: 

(1)  Placement  of  suitably  sized  atone  slope  protection  (rip-rap), 
including  a budding  (filter)  course  along  the  eroded  upstream  and  dovnstrear 
areas  of  the  dam. 

(2)  Removal  of  trees  and  brush  from  the  dam’s  embankment  and 
replacement  thereof  with  a suitable  ground  cover. 


NAFEM-I) 

Honorable  Pierre  6.  DuPont 


(3)  Installation  of  safety  fencing  at  the  spillway  to  preclude 
accidents  to  the  public  using  adjacent  areas. 


<1. 

owner 


Within  one  year  of  the  date  of  approval  of  thi3  report, 
should  per  forts  the  following  remedial  work: 


t he 


(1)  Repair  of  concrete  spalls  and  popouts  in  the  overflow  section 

of  the  spillway  and  at  the  upstream  ends  of  the  spillway  abutment  walls. 

(2)  Repair  or  replace  deteriorated  reinforced  concrete  foot  In'idge. 
and  piers. 


(3)  Install  trash rack  and  replace  staff  gage  at  the  intake  structure. 


A copy  of  the  report  ia  being  furnished  to  Mr.  Austin  P.  Olrey , 

Delaware  Department  of  Natural  Resources  and  Environmental  Control, 
the  designated  State  Office  contact  for  this  Program.  Within  five  days 
of  the  date  of  this  latter,  a copy  will  also  be  sent  to  Congressman 
Thomas  B.  Evans.  Under  the  provisions  of  the  Freedom  of  Information 
Act,  the  inspection  report  will  be  subject  to  release  by  this  office, 
upon  request,  thirty  days  after  the  date  of  this  letter. 

Additional  copies  of  this  report  nay  be  obtained  from  the  National 
Technical  Information  Services  (NT IS) , Springfield,  Virginia,  22161 
at  a reasonable,  cost.  Please  allow  four  to  six  weeks  from  the  date  of 


An  important  aspect  of  Che  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  aa  a result  of  the  inspection.  We  according 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
implement  our  recommends  1 1 orts . 


1 Incl 

An  stated 


Sincerely  your  s , A 

/~f  & TV/  i'  ^ j * 

/''/  HARRY  V.  r>lT~UYSHYN  / v 
i / Colonel,  Corps  of  Engineers 
Piatrict  Engineer 
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Cy  Turn . 

hr.  Austin  P.  Olney,  Secretary 
Departwnt  of  Natural  Resources  and 
En v i r onme  n t a 1 Control 
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NATIONAL  QAM  SAPE1V  rgCJGRAM 


PAM:  Silver  Lake 
State:  Delaware 
County:  Kent 

Coordinates:  39°  10.1'N,  75°  31. 4' E 

I ASSESSMENT  OF  GENERAL  CONDITIONS 

Eased  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  Silver  Lake  Dao  is  judged  to  be  in  f«ir 
condition.  To  insure  adequacy  of  the  structure,  tVie  following  actions, 
as  a tainitama,  are  recowuended : 

a.  Due  to  the  small  number  of  inhabitable  structures  downstream 
of  the  dam,  together  with  less  than  excessive  economic  loss.  It  Is 

| recommended  the  dam's  hazard  potential  classification  be  changed  from 

"high"  to  "significant." 

b.  Due  to  the  potential  of  overtopping  of  the  daw  by  the  100-year 
storm,  the  owner  should  develop  and  utilize  a detailed  emergency  operation 
and  warning  system  within  three  months  of  the  dace  of  approval  of  this 
report . 

c.  Within  six  months  of  the.  date  of  approval  of  this  report,  the 
owner  should  perform  the  following  remedial  work: 

(1)  Placement  of  suitably  aized  stone  slope  protection  (rip-rap! , 

i including  a bedding  (filter)  course  along  the  eroded  upstreum  and  downstream 

areas  of  the  dan. 

(2)  Removal  of  trees  and  brush  from  the  dam's  embankment  and 
replacement  thereof  with  a suitable  ground  cover. 

(3)  Installation  oi  safety  fenclnc  at  Che  spillway  to  preclude 
accidents  to  the  public  using  adjacent  nreae. 


d.  Within  one  year  of  the  date  of  approval  of  this  report,  the 
owner  should  perform  the  following  remedial  work: 


(1)  Repair  of  concrete  spalls  and  popouts  in  the  overflow  aection 
of  the  spillway  and  at  the  upstream  ends  of  the  spillway  abutment  walls. 

(2)  Repair  or  replace  deteriorated  reinforced  concrete  foot  bridge 
and  piers. 

(3)  Install  trash rack  and  replace  staff  gage  at  the  intake  structure. 
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FRANK  W,  VINCI 
Chief,  Design  Branch 
Engineering  Division 

U.  S.  Arwy  Engineer  District,  Philadelphia 
Professional  Engineer  Registration 
Maine  No.  IP. 9 7 
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PHASE  on; 

NATIONAL  DAM  SAFETY  PROGRAM 
SILVER  LAKE  DAM 

ST.  JONES  RIVER,  DOVER,  DELAWARE 


1.  AUTHORITY.  This  report  has  been  prepared  in  accordance  with  the  National 
Dam  Inspection  Act,  Public  Law  92-367 , 92nd  Congress,  H.R.  15951  enacted 
> Au.-ust  1970,  copy  inclosed  in  Appendix  F. 

. . PURPOSE.  This  report  assesses  the  general  condition  of  Silver  Lake,  with 
respect  to  safety  of  the  project  based  upon  available  data  and  visual  inspec- 
tion, determines  the  need  for  emergency  measures,  and  determines  if  additional 
studies,  investigation,  and  analysis  are  necessary  and  warranted.  In  addition, 
the  report  evaluates  the  hydraulic  and  hydrologic  capabilities  and  structural 
stability  of  the  project  based  on  the  visual  inspection  and  available  engineer- 
ing data. 

3.  GENERAL.  The  Phase  One  inspection  of  Silver  Lake  was  conducted  on 

13  December  1977  by  members  of  the  Philadelphia  District,  U.S.  Army  Corps  of 
Engineers.  Team  members  included  representatives  disciplined  in  the  fields  cf 
hydrologic,  hydraulic,  soils  and  structural  engineering.  In  addition,  repre- 
sentatives of  the  owner,  City  of  Dover,  were  in  attendance  and  contributed 
local  knowledge  and  history  of  the  project. 

4.  DESCRIPTION  OF  PROJECT  AND  LOCATION. 

a.  Description  of  Dam  - The  Silver  Lake  Dam  consists  of  an  earth  embank- 
ment, approximately  18  feet  high  and  820  feet  long  with  an  uncontrolled  concrete 
overflow  structure  located  on  the  St.  Jones  River  approximately  13.2  miles  up- 
stream from  the  confluence  with  the  Delaware  Bay.  The  overflow  structure 
consists  of  an  ogee-shaped  reinforced  concrete  gravity  spillway  approximately 

13  feet  high  and  150  feet  in  length.  Drawdown  of  the  reservoir  is  accomplished 
by  release  through  a manually-operated  sluice-gated  24-inch  diameter  cast  iron 
pipe  through  the  concrete  overflow  structure. 

b.  Size  Classification  - Silver  Lake  is  classified  as  a small  dam  based  on 
a normal  impoundment  at  overflow  crest  of  580  acre-feet  and  a top  of  embankment 
height  of  18  feet  above  downstream,  streambed  elevation. 

c.  Hazard  Classification  - The  hazard  potential  of  Silver  Lake  was  con- 
sidered high  during  the  initial  inventory  phase  of  the  dan  inspection  program 
due  to  its  proximity  to  the  City  of  Dover.  During  the  inspection,  it  was  noted 
that  few  habitable  structures  exist  within  the  flood  plain  downstream  of  the 
project  and  that  economic  loss,  in  the  event  of  a project  failure,  would  not  be 
excessive.  Examination  of  the  flood  hazard  boundary  map  prepared  by  the  U.S. 
Department  of  Housing  and  Urban  Development  for  the  City  of  Dover,  copy  in- 
closed in  Appendix  G,  and  visual  on-site  inspection  indicates  that  the  n.  .jority 
of  floodplain  downstream  of  the  project  site  consists  of  parkland  which,  if 
inundated,  would  not  suffer  excessive  damage.  Several  restrictions,  most 


1 


notably  the  Division  Street  and  lioekermnn  Street  bridges , would  cause  t>a< •('.Ur- 
du ring  excessive  runoff,  thereby  preventing  any  "instananeous  rise  in  flow 
downstream  of  the  bridges. 


’lhe  inspection  members  recommend  the  hazard  classification  be  revised  from; 
high  to  significant  based  upon  the  above  findings. 

d.  Ownership  - The  Silver  hake  project  is  owned,  operated,  and  maintaint 
by  the  City  of  Dover.  Within  the  city  structure,  primary  responsibility  for 
the  operation  and  maintenance  of  the  project  rests  with  the  Parks  and  Lngineer- 
ing  Departments . 

e.  ,'urposes  of  Dam  - Silver  Lake  is  presently  a single-purpose  project 
operated  and  maintained  for  recreation.  Boating,  water-ski in/: , fishing, 
swimming  and  picnicking  facilities  are  available  within  the  project  boundaries. 

f.  Design  and  Construction  History  - ‘lhe  initial  silver  . tike  Dam  was  con- 

structed prior  to  1900  to  provide  water  for  a millrace  located  at  the  left 
abutment  of  the  original  dam.  During  1 -5 , the  original  concrete  overflow 

structure  failed  and  plans  for  reconstructing  tVie  overflow  structure  and  fill- 
ing the  former  millrace  location  were  prepared  by  Albright  and  Friel, 
Philadelphia,  Pennsylvania, under  contract  to  the  City  of  Dover.  The  construc- 
tion plans  indicate  that  five  alternate  construction  schemes  were  made  available 
to  the  prospective  bidders.  Four  of  the  options  (A,  B,  C,  and  E)  involved 
reconstruction  of  slightly  different  gravity  overflow  structures  in  the  original 
overflow  location  whereas  option  D involved  reconstruction  of  the  overflow 
structure  in  the  vicinity  of  the  right  abutment.  Review  of  as-built  reinforcing 
drawings  and  inspection  of  the  existing  structure  indica.es  that  the  contractor, 
Oeorge  & Lynch  Contractors  of  Wilmington,  Delaware,  selected  Option  C and  the 
reconstruction  was  accomplished  in  1944. 

g.  Normal  Operational  Procedure  - No  formal  operational  procedures,  either 
normal  or  emergency,  have  been  established  for  the  Silver  Lake  project.  The 
uncontrolled  overflow  structure,  which  was  originally  designed  to  allow  the  use 
of  flashboards  to  raise  the  reservoir  pool  above  overflow  crest  elevation,  is 
presently  unregulated,  thereby  allowing  discharge  of  all  available  reservoir 
inflow.  However,  the  reservoir  is  reportedly  lowered  about  one  foot  by  use  of 
the  ?b-inch  diameter  discharge  pipe  on  an  annual  basis  to  allow  adjacent  prop- 
erty owners  to  maintain  their  docking  facilities. 

h.  1 crtinent,  Data  - The  following  data,  based  on  the  single  purpose  for 
which  the  dam.  was  constructed,  is  considered  pertinent: 

(1)  Hydrology 

Overflow  Spillway  Release: 

i [eight  Above  Spillway 

Elevation  oM..  ■>.)  Crest  (feet) Flow  (c.f.s.; 


lb.  1* 

0 

0 

lb. 9 

0.5 

148 

15. b 

1.0 

455 

15.9 

1.5 

870 

^ - : ^ 


Kiow  (c.r.s. 


I 


r 


- 


tie vat i on  (M . S . L . ; 


Height  Above  Spillway 
Cre.it  (feet) 


16.1 

2.0 

1370 

16.9 

c-  • ‘ 

1010 

17.1 

3.0 

2510 

17.9 

3.5 

3150 

18.4 

1.0 

3780 

19.1 

5. 

510c- 

> (From  extrapolation  of  A-E’s  s 

pillway  rating  curve) 

Drainage  Area  Above  Damsite:  32 

square  miles 

(2)  Reservoir  Storage 

Surface  Area 

Storage  Allocat ion 

Elevation  (M.S.L.) 

(Acres ) 

(Acre-Feet ) 

formal  Fool  ll.l 

Tor,  of  Dam  19 . 1 

^Developed  Data  by  Investigating  Team 

(3)  Dam 


170.8 

331-5' 


5-0 

1‘  35*' 


Type:  Earth  Embankment  and  Concrete  Overflow  Structure 

Height  at  Maximum  Section:  18  feet 

Top  Width:  15-50  feet  (variable,  rr  ht  side) 

15  feet  (left  side) 

Top  Length:  820  feet 

Freeboard  above  spillway  crest:  5 feet 
(1+)  Overflow  Structure 

Type:  Uncontrolled,  ogee-shaped  gravity  wall 
Crest  Elevation:  + 11.1  feet  m.s.l. 

Maximum  Discharge:  5100  c.f.s. 

5)  Drawdown  Facilities 
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(o)  Gates 

'iype:  Sluice,  manually  operated 
Number  and  Size:  One,  2 ’7"  x 2'U" 

. SUMMARY  OF  ENGINEERING  DATA  AVAILABLE. 

a.  Design  - The  engineering  data  available  is  contained  on  plan  numbers 
4023-2  thru  44023-5  and  44023-S4  present  ed  hereafter.  The  data  consists  of 

hydrologic  data  and  test  boring  logs.  No  detailed  commutations  or  methods  ar'. 
available  for  use  in  determining  original  design  assumi  tivns . 

Evaluation  of  trie  structural  stability  of  the  dan-,  as  constructed,  w;ts  made 
and  the  results  are  contained  hereafter  and  in  Appendix  E. 

b.  Construction  - Available  construction  data  consists  >,f  shot  draw' in.-  : 
for  the  overflow  structure  reinforcement  and  forming  details  fir  the  overfi  ; 
structure  concrete  placement.  No  other  construction  data  was  made  available'. 

c.  Operation  - No  operating  data  was  made  available  to  the  inspection 
party.  The  only  operation  which  is  normally  performed  at  silver  Lake  con- 
sists of  reservoir  drawdown  previously  mentioned  in  paragraph  4g  heretofore. 

Nv  records  are  maintained  concerning  pool  elevations  during  the  drawdown  and 
ensuing  refilling  or  of  dates  on  which  the  operation  was  commenced  or  completed. 

Evaluation  - Based  on  data  presented  to  the  inspection  team,  evaluation 
f the  adequacy  of  the  design  and  construction  procedures  used  at  the  Silver 
ake  Project  is  difficult. 


RESULT  OF  VISUAL  INSPECTION.  The  detailed  visual  inspection  checklist 
i Led  during  the  13  December  1077  inspection  of  Silver  Lake  i contained  it. 
Appendix  A.  Comments  made  by  the  team  members  were  recorded  and  are  summari  c 
below: 

a.  Krr.n  an  union  t. 

• 1 ) Surface  cracks : None  noted 

(2',  "nusual  moving  or  cracking  at  or  beyond  toe:  i.one  noted 

3)  Sloughing  or  erosion  of  embankment  and  abutment  slopes : Sloughing  war. 
noted  along  the  upstream  embankment  slope  immediately  left  of  the  overflow 

s*  ructure.  'The  sloughing  appears  to  be  the  result  of  wave  action;  maintenance 
personnel  attempted  to  alleviate  the  erosive  action  by  placing  4-inch  nominal 
ballast  stone  in  the  area.  Stone  appears  unsatisfactory;  see  comment  6b  (4) 
concerning  the  stone. 

4)  Vert  j -al  and  horizontal  alignment  of  the  crest:  Hie  dam,  crest  left  of 
the  overfi ov  ructure  appears  satisfactory  with  a uniform.  15-foot  width  and  a 
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reasonable  horizontal  plane.  The  right  abutment  crest  varies  in  width  from 
15  to  50  feet  and  contains  a low  area  adjacent  to  the  right  abutment.  The 
low  area,  adjacent  to  a swimming  beach  and  parking  area,  appears  recently 
regraded  to  an  elevation  approximately  6 inches  lower  than  the  remainder  of 
the  embankment.  This  "saddle"  would  be  the  initial  area  of  overtopping  in 
the  event  the  overflow  spillway  capacity  was  exceeded. 

( 5 ) Riprap  failures : No  riprap  protection  was  incorporated  into  the 
Silver  Lake  Project.  It  now  appears  that  corrective  measures  to  alleviate 
wave  erosion  would  involve  riprap  placement,  however,  stone  placed  to  date 
appears  undersized,  poorly  graded  and  generally  is  considered  unsatisfactory. 

(6)  Junction  of  embankment  and  abutment,  spillway  and  dam:  Erosion  was 
noted  adjacent  to  the  overflow  structures -embankment  junction.  It  appears 
that  the  unvegetated  embankment  material  behind  the  walls  has  been  eroded 
due  to  normal  rainfall  runoff.  No  visual  evidence  of  erosion  or  sloughing 
was  noted  at  the  embankment/abutment  junctions. 

(7)  Seepage:  Seepage  through  the  right  embankment  area  was  noted  dis- 
charging into  a storm  water  drainage  swale  approximately  400  feet  downstream 
from  the  dam  centerline.  Invert  elevation  of  the  drainage  swale  is  approxi- 
mately 11  feet  below  normal  pool  elevation.  No  material  transport  was  evident 
at  the  seepage  locations  and  the  seepage  quantity  does  not  appear  of  major 
significance  although  flow  readings  were  not  obtained  or  available. 

(8)  Staff  gage  and  recorder:  A reservoir  elevation  staff  gage  exists  on 
the  drawdown  intake  structure,  however,  the  gage  appears  deteriorated  to  the 
extent  of  replacement.  No  readings  can  be  obtained  from  this  gage.  A U.S.O.S. 
water  stage  recorder  is  maintained  on  the  St.  Jones  River  approximately  1,950 
feet  downstream  from  the  project  site.  Discharge  records  are  available  from 
1958  to  date;  a period  of  approximately  20  years. 

(j)  Drains:  No  drainage  system  was  incorporated  as  part  of  the  structure. 

(10)  Maintenance:  Several  large  trees  exist  on  the  dam  embankment  immedi- 
ately adjacent  to  the  overflow  structure  abutment  walls.  The  validity  of 
allowing  tree  growth  on  the  embankment  is  questionable.  While  the  trees  may 
enhance  the  aesthetic  characteristics  of  the  embankment  area  and  aid  in  pre- 
venting erosion,  deterioration  of  the  root  system  and  piping  of  the  remaining 
cavity  could  result  in  embankment  failure. 

b.  Outlet  Works  (24-inch  cast  iron  pipe,  sluice  gate  and  operating 
platform) 


(l)  Intake  structure:  Operating  platform  and  sluice  gate  reported  as 
operable;  used  on  an  annual  basis  to  lower  reservoir  for  beach  cleaning  and 
dock  repairing.  Owner  representatives  indicate  diver  is  necessary  to  clean 
debris  from  sluice  gate  for  complete  closure,  therefore,  sluice  gate  was  not 
operated;  inclement  weather  (cold)  precluded  diving. 
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(.')  iHitlet  .’true lure:  Minor  cavitation  oi  concrete  outlet  at  downs treani 
face  of  overflow  structure  noted.  Cast  iron  pipe  was  not  cut  to  meet  ogee- 
overflow  slope,  end  section  was  formed  from  concrete. 

(3)  Outlet  channel:  The  outlet  channel  immediately  downstream  of  the 
overflow  structure  makes  an  abrupt  45-degree  turn  towards  the  left  bank.  The 
turn  has  created  an  erosion  problem  along  the  downstream  right  bank  and  correc- 
tive measures  were  undertaken  to  alleviate  the  erosion  by  placing  4-inch 
.nominal  ballast  stone  in  the  undercut  area.  The  ballast  stone  appears  very 
poorly  graded,  undersized  and  is  considered  unsatisfactory  to  prevent  erosion 
during  high  discharges. 

'4  Emergency  gate:  The  sluice  gate  was  not  inspected,  but  is  reported!;, 
operable;  see  paragraph  6b (2)  heretofore. 

c.  Ungated  Spillway  (Concrete  ogee  overflow  structure) 

(1)  Concrete  weir:  The  ogee  weir  was  designed  for  use  of  flashboards  to 
raise  reservoir  pool  or  to  minimize  surging  over  the  spillway  crest  caused  by 
wave  action.  The  flashboards  are  currently  not  available. 

Numerous  small  popouts  were  noted  in  the  downstream  concrete  ogee  surface. 
The  popouts,  some  of  which  appear  to  be  tie  rod  patches,  vary  in  size  from 
1/2-3  inches  in  diameter.  The  second  monolith  from  east  abutment  contains  two 
holes,  approximately  1-1  l/2  feet  horizontally , 2-3  inches  wide,  10-12  feet 
from  the  west  monolith  edge  and  3 feet  above  ogee  bottom.  The  overall  wier 
structure  concrete  appears  to  be  in  satisfactory  condition.  However,  pool 
elevation  precluded  complete  and  thorough  inspection  of  the  upstream  face. 

(2)  Approach  channel  (concrete):  The  approach  end  of  the  left  abutment 
overflow  structure  wall  shows  evidence  of  deteriorated  concrete  at  the 
fluctuating  freeze -thaw  reservoir  pool  elevation.  The  right  abutment  wall 
approach  end  does  not  show  this  condition. 

(3)  Discharge  channel  (concrete):  End  of  ogee  of  monoliths  35  4,  and  5 
from  east;  s'tiow  signs  of  cavitation.  Cavitation  may  be  the  result  of  mis- 
alignment between  the  ogee  and  runout  slab  monoliths;  ogee  end  may  be  low  or 
runout  slab  high.  Both  abutment  walls  contain  full  width,  top  to  bottom  cracks 
downstream  of  the  crest.  Both  cracks  indicate  water  seepage  and  partial  calcitc 
healing. 

4)  Bridge  and  piers:  A three-foot  wide  concrete  walkway  was  constructed 
at.  top  of  dam  elevation  with  support  provided  by  vertical  pedestals  across  the 
ogee  weir  crest.  Several.  major  longitudinal.  cracks  were  observed,  4 and  5 
feet  long,  in  the  walkway  above  bay  5 (from  left  bank).  Full  length  transverse 
cracks  were  observed  at  pedestalo,  and  10  feet  left  of  pedestal  6.  Generally, 
the  underside  of  the  walkway  appeared  badly  spalled  and  deteriorated  to  the 
point  of  requiring  replacement.  The  pedestals  appeared  cavitated  at  the  spill- 
way crest-pedestal  flow  line  construction  joint. 

d.  Reservoir 


(1)  Slopes:  Upstream  embankment  slope,  left  bank  at.  approach  wall  appears 


i 


r 


severely  eroded;  four-inch  stone  placed  during.  summer  of  ! /f6  as  protective- 
measure.  Downstream  slopes,  left  bank,  approximately  f i 1— 1 V with  erosion 
behind  both  abutment  walls.  See  comment,  paragraph  6a (6). 

(?)  Sedimentation:  Verbal  indication  by  owner  representatives  that 
sedimentation,  particularly  in  area  adjacent  to  drawdown  intake  structure, 
is  not  a problem.  No  sedimentation  studies  have  been  conducted  for  the  pro- 
ject reservoir. 

e.  Downstream  Channel 

1/  Condition:  A 45-degree  turn,  immediately  downstream,  of  the  overlMov. 

| structure,  alters  the  hydraulic  characteristics  of  the  downstream  channel 

during  high  discharges  (See  paragraph  6c.  3)  heretofore).  Several  bridg.es, 
particularly  those  at  Lockeman  Street  and  Division  Street,  provide  downstream 
restrictions  which  would  impede  flow  during  extremely  high  reservoir  discharges. 

(?)  Slopes:  The  flood  plain  downstream  of  the  project  is  primarily  weil- 
sodded  park  land  with  very  flat  slopes.  The  St.  Jones  River  becomes  tidal 
immediately  below  the  Lockerman  Street  bridge. 

I (3)  Approximate  number  of  homes  and  population:  From  local  information, 

it  appears  that  the  only  structure  subjected  to  flooding  is  the  Treadway  Towers, 
an  apartment  complex  with  offices  and  a restaurant  on  the  ground  floor.  The 
ground  floor  has  been  subjected  to  flooding  in  the  past  from  an  apparent  com- 
bination of  both  tidal  and  fluvial  events . It  appears  that  the  City  of  Dover 
has  implemented  an  aggressive  plan  of  flood  zone  management  within  their 
jurisdictional,  boundaries  along  the  ft.  Jones  River. 

f.  Miscellaneous  - While  not  within  the  checklist  items  to  be  inspected  by 
the  team  members,  several  items  of  safety  were  noted  and  are  considered  relevant 
to  any  field  examination  made  by  representatives  of  the  Corps  of  Engineers.  "be 
specific  safety  deficiencies  are  as  follows: 

I 

(1)  both  overflow  structure  abutments  are  unguarded.  A fall  from  either 
abutment  wail  would  result  in  a 15-foot  drop  to  the  concrete  ogee  section  or 
runout  slab  section  below.  Safety  fencing  of  these  areas  is  advised. 

) No  deterrent  to  boating  in  the  overflow  structure-  sluice  gate  pla-  f>  it. 
area  was  noted.  A floating  boom  or  off  limits  sign  should  discourage  peo.lt 
from  entering  this  area. 

7.  i ••  RATIONAL  PROCEDURES . .n  general,  no  operational  procedures  nave  bee: 
established  for  maintenance  of  the  dam  or  operating  x’acilities.  The  maintenance 
is  accoir.rl  isiied  on  an  as-needed  basis  when  funds  are  available.  According  to 
owners  representatives,  there  is  an  effort  underway  to  prog.ram  funds  for  1 • to 
repair  some  deteriorated  concrete  in  the  overflow  structure  and  extend  the  run- 
ou*  slab.  Evaluation  of  the  present  operational  procedures  in  effect  at  the 
project  indicates  that  a planned  program  for  periodic  inspection  and  maintenance 
should  be  formulated  by  the  City  of  Dover  to  insure  continued  project  func’ i n 
without  significant  public  endangerment. 
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c.  INSCRIPTION  OF  ANY  WARNING  SYSTIN  Il\  .'  FI  t’T.  Conversations  with  owners 
representatives  indicate  that  no  warning  sys  ein  is  presently  in  use  at  the 
Silver  Lake  Project.  Maintenance  and  operations  personnel  monitor  project 
Functioning  during  instances  of  severe  flooding  when  the  flooding  is  fore- 
casted or  in  effect,  however,  advance  warnin',  particularly  during  off-duty 
hours  for  responsible  personnel,  is  not  available.  A warning  device  should  be 
interlocked  with  the  stream  gage  station  located  downstream  of  the  project  to 
alert  owner  representatives  of  high  disc’.argo-critical  project  flows.  Due  to  v 
potential  for  overtopping  of  the  dam,  a detailed  emergency  operation  and  warning 
system  should  be  developed  by  the  owner. 

i.  FVALUATI'-'N  OF  HYDROLOGIC  AND  HYDRAUL . C F ATURFS. 

a.  Design  Data  - The  original  design  for  spillway  size  determination, 
as  shown  on  contract  drawing  11023-1  dated  7 July  IQll,  indicates  that  the 
designed  spillway  section  would  discharge  lie  c.f.s.  per  square  mile  of 
drainage  area  at  a four  foot  head  above  spillway  crest.  A tabulation  show- 
ing discharge  from  "comparable"  areas  in  New  Jersey  also  contained  on  the 
drawing  and  extrapolated  from  U.f.G.f.  publication  "Surface  Water  Supply  of 
the  United  States,  19ll"  indicates  that  the  maximum  event  for  the  publication 
; eriod  occurred  on  the  Maurice  River  at  Normu,  New  Jersey,  2 September  19l0, 
with  a maximum  discharge  of  65.2  c.f.s.  : er  square  mile  of  drainage  area.  It 
appears  that  the  original  sizing  of  the  spillway  for  Silver  Lake  reconstruc- 
tion was  predicated  on  approximately  doubling  the  maximum  discharge  experience! 
in  New  Jersey  during  the  1939-1910  publication  period.  This  method  is  not  con- 
sidered acceptable  for  use  in  evaluating  the  safety  of  the  darn  for  several 
reasons;  the  maximum  discharge  experienced  in  New  Jersey  is  predicated  on  a 
relatively  short  period  of  record  and  the  "comparability"  of  the  New  Jersey 
Delaware  hydrologic  areas  is  questionable.  The  spillway  rating  curve  for  the 
constructed  overflow  section  shown  on  the  same  contract  drawing,  is  considered 
valid  and  was  used  in  evaluating  the  overtopping  potential  of  the  dam. 

Daily  and  peak  flow  data  is  available  for  the  St.  Jones  River-U.S. 

Geological  Survey  gaging  station  located  downstream  of  the  project  site.  This 
data,  presented  in  the  annual  surface  Water  Records  Publication,  indicates 
that  a maximum  event  for  the  twenty  year  period  of  record  occurred  on 
13  September  i960  when  a discharge  of  l,r<00  c.f.s.  was  experienced  at  the  gage 
station  site.  For  this  discharge,  a pool  elevation  of  16.  > or  2.5  feet  above 
spillway  crest  elevation  would  be  necessary  at  the  dam  site. 

No  hydraulic  or  hydrologic  data  is  available  for  the  following: 

vl)  Spillway  design  flood 

(a)  Storm  precipitation,  pattern  or  frequency 
b)  Spillway  design  flood  hydrograph 
r -eservnir  area-capacity  versus  pool  elevation  curves  or  tables 
3 Cutlet  works  rating  curves 
h Tailwater  rating  curves  below  the  dam 
‘ Minimum  non-damaging  dovnst.recam  capacity 
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b,  Experience  Data  - No  operating  personnel  are  assigned  to  the  project 
to  monitor  reservoir  behavior,  therefore,  no  watershed  rainfall  or  reservoir 
records  are  available  for  hydraulic  evaluation  or  overtopping  potential.  It 
is  believed  that  an  estimate  of  the  design  flood,  based  on  conserv- 
ative generalized  events  which  have  occurred  on  a comparable  hydrologic 
region  is  more  beneficial  for  hydraulic  evaluation  of  the  Silver  Lake  Dam 
than  the  very  limited  experience  data  presently  available.  This  analysis, 
complete  with  assumptions,  methodology,  and  calculations  is  contained  in 
Appendix  D. 

10.  EVALUATION  OF  STRUCTURAL  STABILITY. 

a.  Design  and  Construction  Data  - The  structural  stability  of  the  over- 
flow structure  was  evaluated  for  seepage  around  abutment  walls  and  for 
overturning  and  sliding  of  the  concrete  gravity  structure.  The  geometry  of 
the  gravity  structure  and  material!  characteristics  were  obtained  from  the 
contract  drawings  available  for  the  project. 

(1)  Seepage:  Creep  ratios  were  determined  for  several  seepage  paths 
along  the  side  and  bottom  of  the  overflow  structure  abutment  walls . This 
area  was  considered  critical  since  the  embankment  section  is  minimal  adjacent 

I to  the  overflow  structure  and  wider  at  all  other  sections.  The  creep  ratios 

computed  were  in  excess  of  that  considered  minimal  for  silt  and  silt-sand 
mixtures  characteristic  of  the  area  and  shown  on  the  available  boring  logs. 
Sheet  piling,  which  extends  approximately  four  feet  into  the  embankment  be- 
hind the  abutment  walls  and  twelve  feet  below  the  abutment  wall,  was  con- 
sidered in  the  analysis.  The  creep  ratios  were  determined  in  accordance  with 
the  Corps  of  Engineers  Manual  for  Flood  Wall  Design. 

(2)  Gravity  Wall  Stability:  The  gravity  wall  was  evaluated  for  sliding 
and  overturning  in  accordance  with  Corps  of  Engineers  Manual  for  Gravity  Wall 
Design  and  Corps  of  Engineers  Technical  Letter  for  Gravity  Dam  Design  Stability 

I The  factor  of  safety  for  sliding  resistance  was  1.5,  which  is  somewhat  lower 

; than  recommended,  however,  the  evaluation  was  purposely  made  conservative  by 

neglecting  the  sheet  piling  and  upstream  and  downstream  toes.  Hie  overturning 
analysis  indicated  that  the  resultant  would  act  approximately  one-third  of  the 
base  distance  from  the  upstream  end.  The  analysis  is  contained  in  Appendix  E. 

b.  operational  Records  - Operational  records  are  of  little  use  in 
evaluation  of  the  structural  stability  of  this  project  since  the  available 
information  is  minimal.  Downstream  streamflow  records  indicate  the  project 
has  experienced  reservoir  elevations  approximately  2\  feet  above  spillway 
crest  during  the  20  year  record  period.  No  adverse  affects  on  the  structural 
stability  of  the  project  features  were  reported  as  a result  of  this  event, 
nor  is  there  any  visual  evidence  of  jast  or  present  distress  which  may  have 
been  caused  by  the  preceding  events. 

c.  Post-Construction  Changes  - Several  significant  post-construction 
changes  have  been  made  at  Silver  lake  which  have  increased  the  structural 
stability  of  the  project.  The  most  notable  changes  involve  flattening  of  the 
downstream  slopes  to  provide  usable  recreation  and  parking  areas.  The  down- 
streami  right  embnakment  slope  has  been  filled  to  provide  picnic,  narking,  and 
beach  facilities.  The  downstream  left  embankment  slope  has  been  extended  to 
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provide  a boat  launching  parking  lot  and  access  roads.  The  embankment  areas 
that  nave  remained  as  originally  designed  (i.c.  with  1 Vertically  Horizontal 
slopes)  are  those  immediately  adjacent  to  the  overflow  structure  abutment 
walls.  Since  these  sections  are  not  extensive  (approximately  10  feet  behind 
the  right  abutment  wall  and  25  feet  behind  the  left  abutment  wall)  no  embank- 
ment stability  analysis  is  considered  necessary.  The  average  downstream  slope 
right  of  the  overflow  structure  is  approximately  1V:50H  and  that  left  of  the 
overflow  structure  is  approximately  IV: 5H. 

d.  Seismic  Stability  - An  assessment  of  the  potential  vulnerability  of 
trie  dam  to  seismic  events  indicates  that  the  project  is  located  in  Seismic 
Zone  1.  Since  projects  located  in  this  zone  present  no  hazard  from  earth- 
quakes  when  static  stability  conditions  are  satisfactory,  the  Silver  Lake 
project  is  considered  seismically  stable. 

11.  DAM  ASSESSMENT. 

a.  Seneral  - Based  on  the  available  data  and  visual  inspection  of  the  * 
project,  Silver  Lake  is  considered  an  adequate  structure,  however,  the  overflow 
spillway  is  inadequate  to  accomodate  the  100  year  event.  Since  the  embank- 
ment will  be  overtopped  within  the  life  of  the  project,  several  remedial 
courses  of  action  were  considered  and  the  most  feasable  alternative  is  to 
allow  the  overtopping  to  occur.  Team  members  feel  that  with  proper  pre- 
paration for  the  overtopping,  by  institution  of  an  adequate  warning  and 
emergency  operations  system,  the  potential  for  loss  of  life  or  economic 
loss  is  minimal.  In  addition,  the  cohesive  silt  and  sandy  silt  material 
used  for  embankment  construction  offers  resistance  to  erosion  and,  therefore, 
breaching  of  the  dam  embankment  would  occur  slowly  in  the  event  of  overtopping. 
A further  factor  of  safety  has  been  incorporated  into  the  project  by  construc- 
tion of  a saddle  area  near  the  right  abutment.  This  saddle  area  would  provide 
floodwaters  with  an  overtopping  path  on  a slope  of  1V-.50H  for  a distance  of 
UOO  feet,  thereby  allowing  a slow  breaching  of  the  embankment  and  a slow 
release  of  the  reservoir  impoundment. 

b.  Adequacy  of  Information  - While  additional  information  would  be  use- 
ful in  conducting  a more  detailed  analysis  of  the  project,  particularly  with 
respect  to  the  hydraulic  and  hydrologic  evaluation,  this  information  is  not 
considered  necessary  for  project  assessment.  The  report  has  assessed  both 
the  embankment  and  overflow  structure  for  stability  with  satisfactory  results 
and  accept, s dam  overtopping  as  a project  occurrence. 

c.  Urgency  - No  additional!  studies,  investigations,  or  analysis  for  the 
project  are  recommended.  Team  members  recommend  timely  formulation  of  a warn- 
ing and  emergency  operations  program  by  the  owner  to  assure  minimizing  down- 
stream hazard  potential. 


. REMEDIAL  MEASURES . 

a.  A.l  t.eraates  - The  evaluation  and  assessment  of  Silver  Lake  indicates 
one  problem  area;  overtopping  of  the  embankment.  Four  alternate  courses  of 


A 


10 


action  to  the  overtopping  problem  were  investigated  and  are  discussed  below. 

(1)  Embankment  Raising:  Raising  of  the  embankment  and  overflow  structure 
abutment  walls  to  elevation  26. h 3LD,  7 feet  above  the  present  top  of  dam, 
would  allow  safe  passage  of  the  100  jear  event.  This  action,  while  economically 
feasable  from  2 construction  cost  standpoint,  would  endanger  considerable 
private  : roperty  located  along  the  reservoir  snoreline.  A majority  of  the 
reservoir  perimeter  is  developed  primarily  with  apartment  complexes  and  sin.  e 
residences,  and  inundation  of  this  area  would  occur  at  elevation  26. U.  Due  tc 
the  increased  hazard  potential  associated  with  inundation  of  the  shoreline 
areas,  this  alternate  is  not  considered  acceptable. 

‘verflow  Structure  Widening:  Widening  the  overflow  structure  fr  :• 
lyJ  feet  tc  approximately  i.30  feet  would  safely  allow  : as  sage  of  the  1 year 
event  without  embankment  overtopping.  Tills  course  of  action,  while  not  affect- 
ing upstream:  shoreline  properties,  would  he  uneconomical  from,  a construction 
cost  standpoint.  In  addition,  this  alternative  would  allow  rreater  fli  w 
through  the  reservoir  during  small  magnitude  floods  (less  than  the  s: i 1 way 
capacity  cf  5j100  c.f.s.)  than  the  present  overflow  structure,  thereby  sub- 
jecting downstream  areas  to  greater  flooding.  Although  the  project  is  not 
operated  as  a flood  control  structure,  approximately  1 ,2'7  acre-feet  of 
storage  is  available  between  spillway  crt.st  and  top  of  dam  elevation  in  the 
reservoir  area. 

(3  rawdown  Reservoir-'-reac. . En.  ankr.ent : This  course  of  action  eliminates 
the  project  in  its  present  condition.  Raj or  objectives  to  this  alternate  include 
loss  of  the  reservoir  flood  storage  capability. 

fb)  jo  flange:  The  alternate  al.ows  overtopping  of  the  embankment  and 
possible  breaching  of  the  tor  of  dan..  Although  damages  and  economic  losses 
would  be  suffered  downstream  of  the  r roject  site,  the  flood  plain  management 
program,  presently  in  affect  along  the  ft . .tones  River  would  minimize  damage. 
Implementation  of  a warning  system  an;  formulation  of  an  emergency  operations 
program  for  notification  of  downstream,  personnel,  would  minimize  the  loss  of 
life  hazard  in  the  event  of  a major  flood.  This  alternative  appears  most 
advantageous  of  those  investigated. 

b.  Operations  and  Maintenance  ; roceaures  - The  inspection  team:  recommends 
formulation  of  a periodic  inspection,  maintenance,  and  emergency  operations 
program,  for  the  project. 

(I  Taintenance:  The  maintenance  program  should  include  designing,  plan- 
ning and  funding  for  major  repair  work,  as  warranted.  In  addition,  everyday 
maintenance  responsibilities,  such  as  repairing  minor  concrete  spalls,  erosion, 
riprap,  turfing,  etc.,  should  be  scheduled  to  assure  completion. 

(2)  i eriodic  Inspection:  The  periodic  inspection  program  should  follow 
the  checklist  contained  in  App.endix  A of  this  report.  'Die  inspection  should 

he  performed  at  least  annually  and  during  major  flooding  conditions.  Conditions 
which  require  remedial  effort  should  be  included  in  the  updated  maintenance 
nrogram . 


3)  imergency  Operations:  Die  em.ergency  operations  program  should  be 


formulated  for  the  purpose  of  preventing  loss  of  life  and  minimizing  economic 
losses  in  the  event  of  an  embankment  overtopping.  The  program  should  desig- 
nate personnel,  and  assign  responsibilities,  for  notifying  downstream  residents, 
closing  roadways,  providing  emergency  flood  ;*nd  shelter,  and  directing  rescue 
and  cleanup  operations . 
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VISUAL  INSPECTION  CHECK  LIST 


J.  O'Neill  City  Engineer,  City  of  Dover. 
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RIPRA:  FAILURES  Stone  protection  along  left  upstream  Recommend  formal  riprap  protec- 

slope  appears  inadequate  to  prevent  tion  at  erosion  location;  minimum 
wave  erosion.  12-inch  thickness  of  well  graded 

stone  and  - -inch  filter  blanket. 
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RAINFALL/ RESERVOIR  No  rain  gage  is  maintained  in  the  project  drainage  area,  no  accurate  records  available. 

RECORDS  No  reservoir  records  maintained. 
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CHECK  HIST 

HYDROLOGIC  AND  HYDRAULIC  DATA 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS:  32  square  miles 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY ) : 590  acre-feet  at  elev.  14.4 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORA  IE  CAPACITY' : 1,835  acre-feet 

at  elevation  20.0 

ELEVATION  MAXIMUM  DESIGN  POOL:  Not  available 
ELEVATION  TOP  DAM:  19.4  feet  s.l.d. 

CREST:  Overflow  structure 

a.  Elevation:  l4.4  feet  s.l.d. 

b.  Type:  Uncontrolled  concrete  ogee  gravity  structure 

c.  Width:  Not  applicable 

d.  Length;  150  feet 

e.  [©cation  Spillover;  Discharge  over  150  foot  width 

f.  Number  and  Type  of  Gates:  Ungated  10  bays  at  15  feet/bay 

• T'LET  WORKS:  PU-inch  cast  iron  pipe  with  sluice  gate  and  operating  platform 

a.  Type:  Cast  iron  24-inch  diameter  pipe 

b.  Location:  Third  bay  from  east  wall  through  overflow  structure 

c.  Entrance  inverts:  +4.4  feet  s.l.d. 

1.  Exit  inverts:  +4.4  feet  s.l.d. 

e.  Emergency  draindown  facilities:  sluice  gate  for  24- inch  C.I.  pipe 
HYDROMETEOROLOGICAL  GAGES:  U.S.G.S.  Stream  gage 

a.  Type:  Water-stage  recording  gage — U.S.G.S. 

b.  Location:  1,950  feet  d.s.  of  project 

c.  Records:  1958  to  present 

1 

MAXIMUM  NON-DAMAGING  DISCHARGE:  Non-existant 
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13  Dec  7.  ] tresun  embankmen 

flow  structure  left  at  urment  v 
of  embankment,  remedial  re 
concrete  at  freeze-tha  - line. 


U.  13  Dec  77.  Overview  of  concrete  gravity  overflow 
structure,  looking  east  from  ri rat  abutment  wall 
toward  left  abutment  wall. 


13  Dec  77.  Close  view  of  overflow  structure  left 
abutment  wall  showing  diagonal  cracking  with  minor 
leakage,  looking  southeast  from  walkway. 


13  Dec  77.  Spalled  concrete  a' 
construction  joint. 


13  Dec  . t'ov.T..  * re-ixi  rirht  tank  erosion  area  and 
li"  stone  remedial  mea.  ures. 


9.  13  Dec  77.  Downstream  floodplain  area  looking 

south  from  project  site  toward  Division  Street 
Bridge. 
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SILVEF  LAKE  DAI-1 
DOVER,  DELAWARE 


APPENDIX  E 


HYDRAULICS/llYDRGLOGIC  AIALYSIS 
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APPFdDIX  D 

HYDRA ULICS/HYL FOLD  tlC  AliALYSIS 

In  accordance  with  criteria  set  forth  for  the  Phase  I hydraulic  and  hydro- 
logic  analysis  of  dams,  Silver  Lake  was  evaluated  for  two  major  items: 

1.  Drawdown  time  of  the  reservoir  in  the  event  of  impending  structural 
failure. 

2.  Lam  overtopping  potential  in  the  event  of  a designated  flood. 

Hie  evaluations  are  based  on  data  obtained  during  the  field  inspection  of 
the  project  and  on  supplemental  data  developed  in  the  absence  of  available 
data. 


Kmergeney  Pi  awe own  of  hake 


Hie  outlet  works  system  of  Silver  L-rke  onsists  of  a sluice-gated  . --inch 
diameter  cast  iron  pipe  approximately  59  feet  long.  Invert  elevations  of 
the  pipe  are  4.4  feet  S.L.D.  at  both  the  intake  and  discharge  ends.  Since 
no  outlet  works  rating  curve  is  available,  one  was  developed  using  basic 
hydraulic  theory  and  conservative  friction  losses.  She  results  of  the 
hydraulic  analysis  indicates  that  the  outlet  works  pipe  will  allow  55  cfs 
flow  at  normal  pool  (elevation  l4.4  feet  S.L.D.)  and  6b  cfs  flow  at  top  of 
dam  (elevation  19.4  feet  S.L.D.).  Under  emergency  conditions  when  the 
structural  integrity  of  the  dam  dictates  lowering  of  the  reservoir,  10  days 
would  be  required  to  coupletely  evacuate  u'ne  pool  under  uuiuial  inflow  cor. 
ditions.  Under  flood  conditions,  the  amount  of  water  which  could  be  re- 
leased through  the  outlet  works  pipe  is  considered  insignificant  in  com- 
parison with  the  total  release. 


Wertopplng  : otential 

In  accordance  with  recommendations  contained  herein,  filver  Lake  is  clas- 
sified as  having  a significant  hazard  potential  with  respect  to  loss  of 
human  life  or  pro^^rty  damage  in  the  area  downstream  of  the  dam  in  thf 
event  of  failure.  Under  this  classification,  a small  dam  should  be  capa- 
ble of  safely  passing  a spillway  design  flood  in  the  100-year  to  one-half 
of  the  probable  maximum  flood  PMF  ) range. 


The  overflow  structure  of  the  Silver  Lake  dam  consists  of  a concrete  gravity 
ogee-shaped  wall,  150  feet  wide  with  a crest  elevation  of  14.4  feet  S.L.D. 
The  top  of  dam  elevation,  19.4  feet  S.L.D.,  is  five  feet  above  spillway 
crest.  Fran  project  design  data,  a spillway  rating  curve  was  availabe  for 
• levations  14.4  S.L.D.  to  18.4  S.L.D.  and  extrapolation  of  the  curve  to 


D-l 


1 


r 


' 

the  top  of  dam  elevation  19.4  S.L.i . indicates  that  the  maximum  spill- 
way discharge  is  5*100  cfs. 

The  methodology  used  to  determine  1 he  ce:  ign  floous  was  by  use  of  the  unit 
hydrograph  in  conjunction  with  fre  ;uency/ design  precipitation.  This  method 
develops both  a peak  inflow  value  ar.i  an  inflow  hydrograph  adaptable  to 
reservoir  routing. 

In  an  attempt  to  comply  with  Phase  ' hydrologic  evaluation  criteria,  ‘unit 
hydrographs  were  developed  using  the  foil  'onservation  fervice  "Triangular 
Method"  as  presented  in  U.  S.  Department  of  Interior-Bureau  of  reclamation 
publication  titled  "Design  of  Small  Dams". 

Precipitation  information  for  the  probaole  maximum  precipitation  and  the 
100  year  precipitation  was  obtained  from  U.  S.  Department  of  'oramerce- 
.veather  Bureau  publication  "Technical  aper  .0.  40- rainfall  Frequency 
Atlas  of  the  United  States,  May  1961."  The  precipitation  data  was  developed 
ana  incorporated  within  an  interactive  computer  program  " JHCOMP"  written 
•uid  maintained  by  the  Hydrologic  Engineering  'enter,  Davis,  California.  hi. 
program  develops  the  flood  hydrograph  for  the  design  floods  from  input  of 
drainage  area,  precipitation,  loss  rates,  and  unit  hydrograp'n.  For  the 
I possible  maximum  precipitation  the  program  develops  the  rainfall  distribution; 

while  for  the  100  year  precipitation  event  the  distribution  must  be  independent  1 
developed. 

.he  design  floods  for  the  Silver  Hike  project,  as  developed  by  the  above 
methodology,  have  peak  values  as  follows: 

PMF  = 37,335  cfs. 

100  year  = 14,562  cfs. 

| The  values  for  the  PMF  were  obtained  by  halving  the  discharge  value  . 

To  analyze  the  potential  for  overtopping  during  the  design  floods  of  100 
year  and  1/2  PMF  magnitude  the  inflow  hydrographs  for  those  events  were 
routed  through  the  reservoir  by  use  of  an  interactive  reservoir  routing 
computer  program  maintained  by  the  hydraulics  and  Hydrology  Branch  of  the 
Philadelphia  District.  Inflow  hydrograph,  elevation  vs.  capacity  table 
and  spillway  rating  table  are  the  program's  input  while  outflow  hydros; rap:, 
and  pool  elevation  data  are  the  output. 

As  no  elevation  vs.  capacity  table  was  available  during  the  inspection,  it 
was  necessary  to  develop  one.  The  elevation  vs.  capacity  curve  was  devel- 
oped by  a straight  line  relationship  between  top  of  dam  capacity  and  normal 
pool  capacity. 

he  results  of  the  routings  of  the  100  year  and  1/  PMF  magnitude  flood 
hydrographs  indicate  that  the  spillway  is  not  capable  of  passing  either  of 
these  design  floods  without  the  dam  being  overtopped.  he  routings  do  not 
indicate  the  amount  of  overtopping,  but  only  that  it  will  occur. 
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ENGINEERING,  CONSTRUCTION  AND  OPERATIONAL  DATA  AND  ANALYSIS 


Availabe  engineering  and  construction  data  was  used  to  determine  the 
structural  stability  and  seepage  potential  of  the  Silver  Lake  overflow 
structure  and  abutment  walls.  The  analyses  were  determined  in  accordance 
with  Corps  of  Engineers  Manuals  and  Technical  Letters  concerning  flood 
wall  design,  retaining  walls,  gravity  dam  design  and  gravity  dam  design 
stability.  A brief  explanation  of  the  analyses  is  as  follows: 

Seepage.  A cursory  seepage  analysis  behind  and  under  the  overflow 
structure  abutments  was  conducted  using  the  Creep  Ratio  Method.  Several 
seepage  paths  were  analyzed  using  the  sheet  piling  behing  the  wall  as  a 
portion  of  the  paths  behind  the  walls  while  neglecting  the  sheet  piling 
under  the  abutment  for  this  path.  In  all  cases,  the  computed  Creep 
ratios  were  greater  than  normally  accepted  minimums  for  the  materials 
involved. 


Stability.  The  stability  analysis  was  made  for  sliding  resistance 
and  overturning.  In  the  interest  of  conservation  sm,  the  sheet  piling  was 
neglected  thereby  subjecting  the  wall  to  full  uplift.  The  headwater 
elevation  was  assumed  at  ogee  crest,  elevation  l4.4,  and  the  0 angle  at 
33  degrees.  The  analysis  shown  hereafter,  indicates  that  the  gravity 
structure  is  stable  from  both  a sliding  and  overturning  stand  point.  The 
factor  of  safety  for  sliding  was  computed  as  1.5  based  on  the  conservative 
analysis  and  the  overturning  resultant  was  computed  as  occurring  7.24  feet 
frcm  the  upstream  base  end. 
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public  lav;  92-367 


Public  JLaw.  92-367 
92nd  Congress,  H.  R.  15951 
August  8,  1972 

Hn  act 

T«»  authorise  the  Nevrrtarv  of  the  Army  to  undertake  * imtUmNl  program  of 
Inspection  of  (time. 

'Jit.  it  enacted  by  the  Senate  and  H man  of  ftr /nmentativi » of  the 
i'nited  Staten  of  America  in , Congrex*  nxneinldrd.  That  the  term  rational  dam  in- 
“dam  as  used  in  this  Art  means  any  artificial  barrier,  including  speotlon  program, 
appurtenant  works,  which  impounds  or  diverts  water,  and  which  "Ban." 

( 1 ) is  twenty-five  feet  or  more  in  height  from  the  natural  bod  of  the 
stream  or  watercourse  measured  at  the  downstream  too  of  the  barrier, 
or  from  the  lowest  elevation  of  the  outside  limit  of  the  barrier,  if  it 
is  not  across  a stream  channel  or  watercourse,  to  the  maximum  water 
storage  elevation  or  (d)  has  an  impounding  capacity  at  maximum 
water  storage  elevation  of  fifty  acre- feet  or  more.  This  Act  does  not 
apply  to  any  such  barrier  which  is  not  m excess  of  six  feet  in  height, 
regardless  of  storage  capacity  or  which  has  a storage  capacity  at 
maximum  water  storage  elevation  not  in  excess  of  fifteen  acre-feet, 
regardless  of  height. 

Sr.c.  2.  As  soon  as  practicable,  the  Secretary  of  the  Army,  acting  Army,  author- 
through  the  Chief  of  Engineers,  shall  carry  out  a national  piogram  of  i ration, 
insertion  of  dams  for  the  purpose  of  protecting  human  life  and  prop 
erty.  All  dams  in  the  United  States  shall  be  inspected  by  the  Secretary  Exception*, 
except  ( 1 ) dams  under  the  jurisdiction  of  the  Bureau  of  Reclamation, 
the  Tennessee  Valley  Authority,  or  the  International  Boundary  and 
Water  Commission,  (2)  dams  which  have  lieen  constructed  pursuant 
to  licenses  issued  under  the  authority  of  the  Federal  Power  Act,  (3)  si  stat.  1063s 
dams  which  have  been  inspected  within  the  twelve-mouth  period  49  Stat.  863. 
immediately  prior  to  the  enactment  of  this  Act  by  a State  agency  mid  16  use  791a. 
which  the  Governor  of  such  State  requests  lie  excluded  from  inspection, 
and  (4)  dams  which  the  Secretary  of  the  Armv  determines  do  not  pose 
any  threat  to  human  life  or  property.  The  Secretary  may  inspect  dams 
which  have,  been  licensed  under  the  Federal  Power  Act  upon  request 
of  iiie  Federal  power  Commission  and  dams  under  the  jurisdiction  of 
the  International  Boundary  and  Water  Commission  U|K>n  request  of  B6  STA?.  506 
such  Commission. /B6  STAT.  507 

Sec.  3.  As  soon  as  practicable  after  inspection  of  a dam.  the  Secretary  Notioe  to  Gear- 
shall  notify  the  Governor  of  the  State  in  w inch  such  dam  is  located  the  ernori, 
results  of  such  investigation.  The  Secretary  shall  immediately  notify 
the  Governor  of  any  hazardous  conditions  found  during  an  inspection. 

The  Secretary  shall  provide  advice  to  the  Governor,  upon  request, 
relating  to  timely  remedial  measures  necessary  to  mitigate  or  obviate 
anv  hazardous  conditions  found  during  nn  inspection. 

Sue.  4.  For  the  pur|K»so  of  determining  w hether  a dam  I including  the 
waters  impounded  by  such  dam)  constitutes  a danger  to  human  life  or 
property,  the.  Secretary  shall  take  into  consideration  the  possibility 
that  the  dam  might  lie  endangered  by  overtopping,  seepage,  settlement, 
erosion,  sediment,  cracking,  earth  movement,  earthquakes,  fuilure  of 
bulkheads,  dashboard,  gates  on  conduits,  or  other  conditions  which 
exist  or  which  might  occur  in  any  urea  in  the  vicinity  of  the  dam. 

Sue.  3.  The  Secretary  shall  rc|a>rt  to  the  Congress  on  nr  before  Raport  to  Congraaa, 
duly  I,  1974,  on  his  activities  under  the  Act.  which  riqiort  shall 
include,  but  not  lie  limited  to — 

(1)  an  inventory  of  ull  dams  located  in  the  United  States; 

(2)  a review  of  each  inspection  made,  the  recommendations 
furnished  to  the  Governor  of  the  State  in  which  such  dam  is 
located  and  information  as  to  the  implementation  of  such 
recommendation : 


* 


86  STAT.  607 


Pub.  Law  92-367 


August  8,  1972 


Liability. 


(:>)  ireonimeiidations  for  a comprehensive  national  program 
for  the  Inspection,  and  regulation  for  safety  purpose  of  dams 
of  the  Met  ion,  and  the  rvipertive  responsibilities  which  shouid 
he  us- timed  bv  Federal,  State,  and  local  governments  and  by 
public  and  private  interests. 

Snc.  0.  Nothing  contained  m tlu.->  Act  and  no  action  or  failure  to 
act  under  tins  Act  shall  Us  construed  (1)  to  create  any  liability’  in 
the  United  States  or  its  officers  or  employees  for  the  recovery  of 
damages  caused  by  such  action  or  failure  to  act:  or  (-)  to  relieve  ail 
owner  or  ojierator  of  a dam  of  the  legal  duties  obligations,  or  liabil- 
ities incident  to  the  ownership  or  operation  oi  the  dam. 

Approved  August  8,  1972. 
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